Dynamics of light-induced activation in the PAS domain proteins LOV2 and PYP probed by time-resolved tryptophan fluorescence.
Light-induced activation of the LOV2-Jα domain of the photoreceptor phototropin from oat is believed to involve the detachment of the Jα helix from the central β-sheet and its subsequent unfolding. The dynamics of these conformational changes were monitored by time-resolved emission spectroscopy with 100 ns time resolution. Three transitions were detected during the LOV2-Jα photocycle with time constants of 3.4 μs, 500 μs, and 4.3 ms. The fastest transition is due to the decay of the flavin phosphorescence in the transition of the triplet LOV(L)(660) state to the singlet LOV(S)(390) signaling state. The 500 μs and 4.3 ms transitions are due to changes in tryptophan fluorescence and may be associated with the dissociation and unfolding of the Jα helix, respectively. They are absent in the transient absorption signal of the flavin chromophore. The tryptophan fluorescence signal monitors structural changes outside the chromophore binding pocket and indicates that there are at least three LOV(S)(390) intermediates. Since the 500 μs and 4.3 ms components are absent in a construct without the Jα helix and in the mutant W557S, the fluorescence signal is mainly due to tryptophan 557. The kinetics of the main 500 μs component is strongly temperature dependent with activation energy of 18.2 kcal/mol suggesting its association with a major structural change. In the structurally related PAS domain protein PYP the N-terminal cap dissociates from the central β-sheet and unfolds upon signaling state formation with a similar time constant of ∼1 ms. Using transient fluorescence we obtained a nearly identical activation energy of 18.5 kcal/mol for this transition.